Objective To compare the effectiveness of radial extracorporeal shockwave treatment with that of supervised exercises in patients with shoulder pain. Design Single blind randomised study. Setting Outpatient clinic of physical medicine and rehabilitation department in Oslo, Norway. Participants 104 patients with subacromial shoulder pain lasting at least three months. Interventions Radial extracorporeal shockwave treatment: one session weekly for four to six weeks. Supervised exercises: two 45 minute sessions weekly for up to 12 weeks. Primary outcome measure Shoulder pain and disability index. Results A treatment effect in favour of supervised exercises at 6, 12, and 18 weeks was found. The adjusted treatment effect was −8.4 (95% confidence interval −16.5 to −0.6) points.
INTRODUCTION
The shoulder is the fourth most common site of musculoskeletal pain reported by patients to general practitioners and physiotherapists. 1 Rotator cuff disease, impingement syndrome, and rotator cuff tendinosis are terms used synonymously with subacromial shoulder pain. The exact source and mechanism of the pain is unknown. 2 Histopathology studies show mainly degenerative changes in the rotator cuff tendons, but other factors also contribute to the pain and dysfunction. 1 3 Patients with subacromial shoulder pain are often treated with physiotherapy, non-steroidal antiinflammatory drugs, and corticosteroid injections. Physiotherapy includes a variety of modalities such as electrotherapy, radial extracorporeal shockwave treatment, ultrasound treatment, laser treatment, manual therapy, supervised exercises, sling exercise treatment, and acupuncture. [4] [5] [6] [7] Some evidence exists for the effectiveness of corticosteroid injections, non-steroidal antiinflammatory drugs, and exercises for chronic shoulder pain. [8] [9] [10] A recent systematic review concluded that surgery and exercises are equally effective for rotator cuff disease. 11 In studies of musculoskeletal pain, women report pain that is more severe, more frequent, and of a longer duration than do men. 12 13 Stratification by sex or adjustment for sex is therefore recommended in the analysis of data from trials.
In a systematic review, Harniman et al found moderate evidence that low energy radial extracorporeal shockwave treatment was not effective for non-calcifying rotator cuff tendinosis. 6 Additional studies including patients with calcifying or non-calcifying tendinosis reported no treatment effect compared with sham or control. 14 15 Despite these findings, shockwave treatment is increasingly used for subacromial shoulder pain. To our knowledge, radial extracorporeal shockwave treatment has not been compared with exercises in a clinical trial including patients with shoulder pain. The purpose of this study was to compare the short term effect of radial extracorporeal shockwave treatment and supervised exercises in patients with subacromial shoulder pain.
METHODS

Participants
The study was designed as a randomised single blind clinical study. Participants were recruited by physicians at the outpatient clinic of the Physical Medicine and Rehabilitation Department at Ullevaal University Hospital, Oslo, Norway, between July 2006 and August 2007.
Women and men aged between 18 and 70 years with subacromial shoulder pain lasting at least three months were eligible for inclusion. The following diagnostic criteria were used: dysfunction or pain on abduction, normal passive glenohumeral range of motion, pain on two of three isometric tests (abduction at 0°or 30°, external or internal rotation), and a positive Kennedy-Hawkins sign. 1 16 17 Park et al recommend these combined clinical tests for a clinical diagnosis of subacromial impingement syndrome (or rotator cuff tendinosis) with a post-test probability of 95%. 17 Patients with rotator cuff rupture were included if they fulfilled the above criteria. Exclusion criteria were bilateral shoulder pain, previous surgery on the affected shoulder, instability, clinical signs of a cervical syndrome, rheumatoid arthritis, clinical and radiological signs of glenohumeral or acromioclavicular arthritis, inability to understand Norwegian, serious psychiatric disorder, use of anticoagulant drugs (except low dose aspirin), pregnancy, previous experience of one of the study interventions, or unwillingness to accept either of the interventions in this study.
Randomisation
The patients were referred to the investigator (KE, a physiotherapist), received oral and written information about the two treatments, and gave their informed consent before the baseline evaluation. A statistician not involved in data collection or analysis randomly allocated patients to treatment groups in blocks of four to six. Randomisation was stratified by sex. A person not involved in the treatments opened the sealed envelopes and assigned appointments according to treatment group.
Outcomes
The participants completed a comprehensive questionnaire including questions on demographics, education, duration of pain, sick leave, emotional distress, and the outcome measures. The main outcome measure was the shoulder pain and disability index (SPADI), a self report questionnaire for patients with shoulder pain. The questionnaire consists of 13 questions divided into two domains: pain (five items) and disability (eight items). 18 Answers are scored on visual analogue scales from 0 cm (best) to 11 cm (worst) and in accordance with the original scoring system. 18 The total score ranges from 0 to 100 points, with a higher score indicating worse shoulder pain and disability. 18 A version adapted to Norwegian language and culture, translated and back translated by independent philologists, was used in this study. 19 20 Intensity of pain during rest and activity in the previous week was measured on a nine point Lickert-type scale, on which 1 indicates no pain and 9 indicates severe pain. 21 Participants were asked two questions about specific function of the shoulder: "Can you carry a shopping bag (5 kg)?" and "Can you take down something from a wall cupboard?" These questions were scored on a scale from 1 (easy) to 7 (impossible). 21 Active range of motion was measured bilaterally with an accuracy of 5°. 21 22 The patients decided when the pain condition confined the movement.
Participants reported work status according to a validated questionnaire. 23 A status of retired was recorded separately. They also recorded use of drug treatment, including both daily and weekly treatments for pain, sleep problems, and depression.
Follow-up
At six weeks the patients completed a postal questionnaire, including the outcome measures, at home. The 12 week and 18 week follow-ups were done at the hospital. A blinded physiotherapist made the baseline and follow-up measurements. The patients were instructed not to discuss their treatment with the blinded physiotherapist.
Interventions
Both treatments were given at the Department of Physical Medicine and Rehabilitation. The supervised exercise regimen, developed at Ullevaal University Hospital by Bøhmer in the 1980s, 5 was provided by two physiotherapists experienced in its performance. Patients attended two 45 minute sessions weekly for a maximum of 12 weeks. The first session included gathering medical history and bilateral inspection of alignment, including the scapula and the glenohumeral joint. Movement pattern, the immediate co-contraction, and timing of the scapula and the arm were observed during elevation to obtain a functional diagnosis for individual guidance of treatment. 5 24 The principal focus was on relearning of normal movement patterns, which could then be transferred to daily activities. 5 The initial aim was to unload the stress on the rotator cuff and subacromial structures. 5 During this phase, a mirror for awareness of posture, manual techniques for loosening tense muscles, an elastic rubber band, and a sling fixed to the ceiling were used. 5 24 The patients received immediate feedback and correction (supervision) by the physiotherapist. Once dysfunctional neuromuscular patterns were normalised, endurance exercises were performed with gradually increasing resistance. Principles of closed and open kinetic chain and plyometric exercises were incorporated in the next phase of training. 5 24 Patients had an adjusted programme at home, which consisted of correction of alignment during daily living and simple low loaded exercises with a thin elastic cord to provide assistance and resistance to the movement. Simple advice was given.
Radial extracorporeal shockwave treatment (Swiss Dolor Clast, EMS) was provided by a physiotherapist experienced in its use. The treatment was administered once a week for four to six weeks; three to five tender points were treated each time. Points were identified through a patient oriented biofeedback process (insertion of supraspinatus tendon, dorsolaterally below the acromion, and a maximum of three trigger points in the rotator cuff muscles). 25 The frequency applied was 12-8 Hertz with from 2000 pulses per session, with a pressure between 2.5 and 4.0 Bar, depending on what the patient tolerated without local anaesthetic.
Radial extracorporeal shockwave treatment uses low to medium energy shockwaves generated when a projectile is accelerated by compressed air and hits an applicator. 7 These impulses are delivered into the tissue and spread as spherical "radial" waves (rather than being focused). Patients were informed that the suggested mechanism for pain relief was hyperstimulation analgesia and increased neovascularisation that improves regeneration of tissue. 6 25 Patients were advised to avoid activities that elicited pain.
All the patients were asked not to have any additional treatment except analgesics (including antiinflammatory drugs) for their shoulder pain for the time between the start of treatment and the 18 week follow-up.
Sample size
The study was designed to detect a difference of 10 points in the shoulder pain and disability index score between groups with α value set at 0.05 (type I error) and β at 0.2 (type II error). 26 After a pilot study, and in accordance with a previous study, the standard deviation was estimated to 20. 26 The sample size was calculated as 48 in each group for a univariate analysis of covariance. 27 This is a linear model using baseline measures of the primary outcome as a covariate. The ρ was set to 0.5. 27 The study has three post-treatment registrations.
Statistical analyses
The main outcome variable (shoulder pain and disability index score) is considered to be a continuous variable. 26 To evaluate the treatment effect (the mean difference between the groups at six, 12, and 18 weeks), we used the mixed model analysis (repeated measurements). 28 This model includes the interaction between treatment and elapsed time, baseline values are adjusted, and we assume that data are missing at random. 28 The distribution of future values for a participant who drops out at time t and one who remains in at time t is expected to be the same if they have the same covariates and the same history of outcome until time t. 28 Model assumptions were checked by residual plots. We estimated the smallest detectable real difference between two measurements on the same person to be 19.6 points on the shoulder pain and disability index and used this as a cut-off point. 19 We calculated the number needed to treat (NNT) according to the method of Guyatt et al. 29 We checked the secondary outcome measures for normal distribution and found that parametric statistics were appropriate. 30 We used logistic regression with adjustment for baseline values to compare work status and drug treatment. We analysed data according to the intention to treat principle, in which the study groups are compared in terms of the treatment to which they were randomly allocated.
RESULTS
A total of 141 patients were eligible for inclusion, and 104 were randomised for study intervention (fig 1) . The groups were similar at baseline with regard to age, education, dominant arm affected, duration of pain, sick leave, shoulder pain and disability index score, and secondary outcome variables (tables 1, 2 and 3). Seventeen (33%) patients in the radial extracorporeal shockwave group and 12 (23%) in the supervised exercise group were on sick leave because of shoulder pain. Five patients in the radial extracorporeal shockwave group and two in the supervised exercise group claimed for disability pension.
Patients treated with radial extracorporeal shockwaves (n=52) received a median of five (interquartile range 4-6) treatments. One patient had only one treatment, and one patient had two treatments. Patients in 
Adverse events
One patient in the supervised exercise group reported a considerable increase in pain and stiffness consistent with adhesive capsulitis and had only four treatments.
In the group treated with radial extracorporeal shockwaves, one patient dropped out after one treatment and one after two treatments because of the aggravation of pain; one of them crossed over to the supervised exercise group (table 4) .
DISCUSSION
We found a small but statistically significant difference in favour of supervised exercises over radial extracorporeal shockwave treatment for the primary outcome (shoulder pain and disability index) at six, 12, and 18 weeks in patients with subacromial shoulder pain. The difference was consistent after adjustment for education and duration of pain. In addition, more patients from the radial extracorporeal shockwave group (13 v 3) had additional treatment after 12 weeks, suggesting that they were less satisfied. The results for the differences in secondary outcomes were in favour of exercises, but differences were not significant except for change in work status after 18 weeks, which may indicate that supervised exercise is a more comprehensive rehabilitation intervention.
Strengths and limitations
The advantages of this study are the randomised design, stratification by sex, treatments provided by physiotherapists experienced in the use of the methods, high compliance, blinded observer, large number of patients attending follow-up, and intention to treat analysis. At least three possible limitations must be taken into account when interpreting the results. Firstly, we did not include a placebo group and cannot exclude the possibility that the observed results reflect a placebo effect or the natural course of the condition. A previous trial reported that a supervised exercise regimen was superior to placebo, so we found it difficult to justify the inclusion of a placebo group. 21 On the other hand, two trials found no difference between sham and extracorporeal shockwave treatment. 7 14 We did not include a placebo radial extracorporeal shockwave group and cannot substantiate the placebo effect in our study. Secondly, local anaesthetics were not injected into the subacromial space to improve diagnostic accuracy. On the other hand, rotator cuff disease or subacromial shoulder pain is a clinical diagnosis and we used the recommended combination of clinical tests to improve patient selection. 17 Thirdly, the study may be underpowered for detecting differences in the secondary outcome variables. We used a univariate analysis of covariance to calculate the sample size with regard to the primary outcome. 27 Comparison with existing literature Our results are in agreement with results from previous trials recommending exercise therapy 9-11 31 and do not strengthen the evidence for extracorporeal shockwave treatment. 6 7 14 15 32 The difference in shoulder pain and disability index score of 8.4 points at the 18 week follow-up was somewhat smaller than the difference (10 points) the study was designed to detect. For interpreting the effectiveness of the treatment, we must consider not only statistical significance but also whether the improvement (or deterioration) is relevant for the patients or clinicians. 33 By using the smallest detectable real difference for an individual patient of 19.6 points as a cut-off point, we found that a larger proportion of patients in the supervised exercise group than in the radial extracorporeal shockwave treatment group improved. 19 This suggests that more patients receiving supervised exercises had clinically relevant improvement. 19 34 The number needed to treat to benefit from supervised exercises was three, which is considered clinically important. 29 However, the estimate of number needed to treat has to be interpreted with caution because of possible differences in the study population recruited from a university hospital and the population in primary care to which we wish to extrapolate.
The shoulder pain and disability index is a combined score reported to be one of the most responsive shoulder specific questionnaires available and more responsive than single subjective evaluations of pain and function or objective measures of range of motion. 19 The observed improvements were largest at six weeks, suggesting that a reduction of mechanical subacromial stress and normalisation of movement patterns had occurred within a relatively short treatment period. The content of the supervised exercise intervention was slightly different from the study of Brox et al. 21 Fewer patients used a sling for home exercises in our study; all supervision was finished within 12 weeks; and separate lessons on functional anatomy, pain management, and ergonomics were not included. Follow-up in Brox et al's study was at three and six months and two years. 
WHAT THIS STUDY ADDS
Supervised exercises are better than radial extracorporeal shockwave treatment for short term improvement in patients with subacromial shoulder pain
More patients treated with supervised exercises returned to work
Conclusions
After 18 weeks, supervised exercises were better than radial extracorporeal shockwave treatment in terms of the primary outcome variable-the shoulder pain and disability index-and one secondary outcome variable -work status. We found no significant differences for the other secondary outcome variables of pain, function, active range of motion, and use of drug treatment. More patients in the supervised exercise group improved, probably owing to a treatment effect.
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